RODRIGUES, S. R., FUHRMANN, J., AMARO, R. A. Aspects of mating behavior and antennal sensilla in Anomala inconstans Burmeister, 1844 (Coleoptera: Scarabaeidae: Rutelinae). Biota Neotropica. 19(3): e20180664. http://dx.doi.org/10.1590/1676-0611- BN-2018-0664 Abstract: When suitable, adults of Scarabaeidae usually form swarms to find food and breeding sites. The steps of mating behavior can be mediated by chemical communication, and antennal sensilla are released volatiles detection structures, as sexual pheromones. In present work the mating behavior and the antennal sensilla of Anomala inconstans Burmeister, 1844 are described. The study was conducted at the Universidade Estadual de Mato Grosso do Sul, Cassilândia, Brazil from March 2015 to December 2017. Adults were collected through a light trap and taken to the laboratory for studies. Field and laboratory observations provided data for the description of the steps of mating behavior. Adults swarms were registered from September to November 2015 at 05:30 pm to 00:00 am. Females display a calling behavior from 05:25 pm to 08:00 pm, in which they rub their posterior legs against their abdomen, and after a few minutes males are able to locate them. In laboratory, the mating process lasted 20.4 minutes on average, and the possibility of chemical communication between adults was here discussed. The antennae of the species have trichoid, chaetica, placoid types I, II and III, and coeloconic types I and II sensilla. Placoid sensilla are the most abundant and females have more sensilla than males. 
Introduction
Phytophagous scarab beetles (Coleoptera: Scarabaeidae) in Neotropical region usually swarm during the hot and humid period of the year, when they can be observed feeding on leaves, flowers and fruit of several plant species (Oliveira & Ávila 2011 , Gottsberger et al. 2012 , Martínez et al. 2013 , Moore & Jameson 2013 , Ferreira et al. 2016 . The different plant species used for feeding are important breeding sites for Scarabaeidae (Morón 1996 , Maia & Schlindwein 2006 , Rodrigues et al. 2017 .
The mating process of Scarabaeidae can be subdivided into steps. Initially, adults land on plants after swarming, attracted by plant volatile chemicals (Stensmyr et al. 2001 , Ruther 2004 . Then, females exhibit a calling behavior and release a sexual pheromone to attract males (Tada & Leal 1997 , Facundo et al. 1999 , Robbins et al. 2009 ). At that moment, males can locate females and initiate chemical recognition processes, after what females select males to mate (Fávila 1988) .
Adult Scarabaeidae locate and recognize plant volatiles and female pheromones through antennal sensilla, which are quite diverse , Ochieng et al. 2002 , Romero-López et al. 2004 , 2010 , Romero-López 2016 .
Some species of Scarabaeidae might be regarded as important crop pests in Brazil (Oliveira et al. 2007 , Santos & Ávila 2007 , Coutinho et al. 2011 ). Among such species, Anomala inconstans Burmeister, 1844 (Rutelinae, Anomalini) has been observed developing in corn (Zea mays L.) (Poaceae) crops . In Colombia, larvae of this species were reported damaging roots of pasture, cassava (Manihot sp.) (Euphorbiaceae), coffee (Coffea sp.) (Rubiaceae) and wild plants (Pardo-Locarno et al. 2005) . Immature A. inconstans was described by Ramírez-Salinas et al. (2004) .
Present study proposes to describe the antennal sensilla and mating behavior of A. inconstans based in material collected in pasture areas in Cassilândia, Mato Grosso do Sul, Brazil.
Material and Methods
The study was conducted at the Universidade Estadual de Mato Grosso do Sul (UEMS), Campus of Cassilândia. Adults of A. inconstans were collected using a light trap model "Luiz de Queiroz" from March 2015 to December 2017. The trap was installed in a pasture area (Brachiaria decumbens Stapf cv. Basilisk, Poaceae), was turned on daily at 05:00 pm and turned off at 6:00 am of the next day. Insects were collected every 60 minutes (methodology by Rodrigues et al. 2014) .
Data of average temperature (°C), rainfall (mm) and solar radiation (KJ/m 2 ) in Cassilândia were obtained from the website of the Instituto Nacional de Meteorologia (INMET: http://www.inmet.gov.br/portal/).
Observations of the mating behavior were conducted from October to November of 2015 and 2016. Adults collected were sexed and individually placed into 1,000 ml plastic containers, containing about 666 ml of soil collected from pasture area and covered with voile fabric. The behavior of adults was observed during the evening, when they emerged from the soil. Males and females were brought together after they left the soil. Thirty-four couples were formed to allow mating behavior observations (methodology adapted from Rodrigues et al. 2014) .
From September to November 2017, behavior observations were carried out in the UEMS pasture area with B. decumbens grass, from 05:00 to 08:00 pm. During this period, high temperatures and high humidity were observed in the studied region.
The study of antennal sensilla was based in antennal clubs of 10 dissected specimens. Images were taken by a scanning electron microscope (model JSM 5410) from the Laboratório de Microscopia Eletrônica of the Universidade Estadual Paulista, campus of Jaboticabal, São Paulo State. Sensilla terminology follows Keil (1999) . Meinecke (1975) was used as an alternative sensilla terminology (in brackets) to easily term comparison.
The antennal lamellae were also mounted on slides for optical microscope observation. Antennal segments were formerly treated in a 10% potassium hydroxide solution at 80°C for 60 minutes. The pieces were then successively washed in distilled water, 70% ethanol, 80% ethanol, and 90% ethanol, respectively. After that, the material was cleared in xylene for 10 minutes. Finally, the lamellae were mounted on slides with Hoyer's solution (Johnson & Triplehorn 2005) replacing the Canada Balsam as described by Romero-Lopez et al. (2004) and then observed under a Nikon microscope model E2000. The insects were deposited in the UEMS insects collection, campus of Cassilândia, MS.
Results
Mating behavior. Adults were collected using a light trap from September to November 2015. Fifty specimens were collected in September, 61 in October, and 9 in November. They were collected Laboratory observations showed that during the day, adult of A. inconstans remained under the soil. After dark, from 06:00 pm onward, adults initially project a small portion of their clypeus near soil surface and then leave the soil completely. Females actively walk or fly for 5.12 ± 0.37 (2-9) minutes after they leave the soil (n = 34), then they decrease their activity, stand still, and start rubbing their posterior legs against their abdomen (n = 10). Males walk or fly for 8.62 ± 0.47 (4-14) minutes after they leave the soil (n = 34), and then stand still.
After adults decreased their activity, 34 couples were formed. Of the 34 couples formed, 26 did not mate, so only eight couples presented the steps related to mating behavior. On one occasion, the male approached the female, extroverted its aedeagus, but it was rejected by the female.
The eight formed couples, show several steps that resulted in mating (Figure 3) . Initially, adults touched each other with their clypeus while their antennae kept moving and lamellae remained open. Then, males positioned themselves on top of females, extroverted their aedeagus, and began copulation.
Copulation lasted 20.4 ± 0.86 (17-25) minutes. After copulation, males remained over females for 27.62 ± 2.97 (20-45) seconds, after which they detached themselves from females and flew or walked on the soil. This last step lasted 120 ± 9.93 (95-180) seconds. Finally, free females buried themselves into soil. Apparently, chemical recognition occurred during the aforementioned process.
Adults were observed flying over pasture from 05:20 pm onwards. Females left the ground, flew and landed on shrubs in the pasture. Females flew between 20 and 120 cm high, after which they initiated their male calling activity (n = 23). The calling behavior was initiated through the rubbing of the metafemur and tibiae against their abdomen (Figure 4) . Then it was observed that males detect females while flying, land near them, walk toward them, and immediately begin copulation. Copulation lasted 26.61 ± 0.36 (24-29) (n = 23) minutes.
Antennal sensilla. Trichoid, chaetica, placoid and coeloconic sensilla were found on the lamellae. Chaetica sensilla are long and thin, and trichoid sensilla are short and thin ( Figure 5A ). These sensilla are observed on the outer surface of club, especially the trichoid ones.
Placoid sensilla (types I, II and III) and coeloconic sensilla (types I and II) are located on the inner surface of proximal lamella, on outer and inner surfaces of the middle lamella, and on the inner surface of distal lamella. On the outer surface of distal lamella there are placoid sensilla, but no coeloconic sensilla, which are found in the proximal half of inner surface ( Figure 5B ). Placoid sensilla occur in the various areas of the lamellae, however, basiconic sensilla occur in the anterior third of the lamellae ( Figure 5C ). Coeloconic sensilla were classified as type I (L1 classification of Keil 1999) with acute apex, and type II (L2 classification of Keil 1999) with slightly dilated apex.
In females (n = 10), 7784 sensilla were quantified, 234 (3.04%) of which are coeloconic and 7547 (96.96%) placoid (Table 1) . In males (n = 10), 5741 sensilla were quantified, 176 (3.06%) of which are coeloconic and 5565 (96.94%) placoid (Table 1) . Placoid sensilla are the most abundant in both sexes, and females have more sensilla than males.
Discussion
In present study, adult A. inconstans were collected from September to November. Other Scarabaeidae species also swarm for a short period of time in the field, as observed in Liogenys suturalis Blanchard, 1851 (Melolonthinae) (Santos & Ávila 2009) and Geniates borelli Camerano, 1894 (Rutelinae) (Rodrigues et al. 2012) .
Steps related to the mating behavior of A. inconstans are similar to those described by Rodrigues et al. (2014) for Anomala testaceipennis Burmeister, 1856. During the steps of the mating behavior, some female A. inconstans did not accept males for copulation, demonstrating male selection. This behavior was also observed in A. testaceipennis (Rodrigues et al. 2014) , Cyclocephala verticalis Burmeister, 1847 (Dynastinae) (Barbosa & Rodrigues 2016) and Leucothyreus albopilosus Ohaus, 1917 (Rutelinae) (Ferreira et al. 2016) .
Observations made both in the laboratory and in the field demonstrated an intense activity of the antennae during several moments of copula. In laboratory, adults kept their antennae raised and made small movements with their lamellae open. In the field, females displayed a calling behavior and in few minutes a male would find them, and the couple would copulate.
Chaetica and trichoidea sensilla are found in outer side of club (inner side of proximal lamella, outer and inner sides of medial lamella, inner side of distal lamella). Keil (1999) describes chaetica and trichoidea sensilla as mechanoreceptors and contact chemoreceptors (gustative, mainly sensilla trichoidea). Sensilla chaetica are also found in other antennomeres.
Antennal lamellae of A. inconstans displayed placoid and coeloconic sensilla in the anterior third and placoid sensilla in the other areas. The sensilla types and distribution patterns in A. inconstans are similar to those characterized in other Rutelinae (Ågren 1985 Placoid sensilla types I, II and III were found. Type I placoid sensilla (H1 classification by Keil 1999) have an irregular shape with surface undulations and a mean diameter of 12.18 μm (10-14) (Figure 6 ). Type II placoid sensilla (G1 classification of Keil 1999) have irregular shape, high edges, deeper undulations than type I, and a mean diameter of 6.45 μm (5.6-7.6) ( Figure 6 ). Type III placoid sensilla (H3 classification of Keil 1999) have an irregular shape, flat surface, and a mean diameter of 12.6 μm (11.2-16) ( Figure 6 ). In Phyllopertha dispersa, all sensilla placodea and coeloconica are pheromone detecting structures, while sensilla of inner groove are both sexual pheromone and plant volatile detecting structure (Hansson et al. 1999) . Kim & Leal (2000) suggested that the distribution sensilla pattern and sexual differences (sensilla abundance in male and female) are related with mate searching behavior intermediated by sexual pheromones in Rutelinae.
According Larsson et al. (2001) study of A. cuprea, the placoid sensilla of peripheral area of lamellae are responsible for detecting sexual pheromones, while sensilla in the central part detect plant volatiles and other odors. Otherwise, Sun et al. (2014) suggested that sensilla placodea was plant volatile main receptor and coeloconica as sexual attractant receptor to Holotrichia oblita (Faldermann, 1835) (Melolonthinae).
In concordance with above mentioned suggestions, Li et al. (1995) found that some Rutelinae (A. corpulenta, Popillia atrocoerulea Bates, 1888, P. quadriguttata (Fabricius, 1787)) are strong influenced by sexual attractant, while other phytophagous Scarabaeidae are more sensitive to food odorants or aggregative pheromones.
Sexual pheromones are not the only semiochemicals identified in scarab beetles. Some Dynastinae present aggregative attractants (Renou et al. 1998 , Kim & Leal 2000 . To Anomala Samouelle, 1819, sexual pheromones were described, but not aggregative chemicals (c.f. Wang & Sun 2005) .
Sexual pheromone producing tissue are seldom reported to scarab beetles. Kim & Leal (1999) and Romero-Lopez et al. (2011) found melolonthine beetles (Phyllophaga obsoleta (Blanchard, 1850) and Holotrichia paralela (Motschulsky, 1854), respectively) bearing eversible glands in the terminalia that are extroverted during sexual calling and are related to pheromone production. In other melolonthine, Costelytra zealandica (White, 1846), females produce possible sexual attractants in their genital accessory glands in association with symbiotic microbes (Hoyt et al. 1971) . Within Anomala, the pheromonal producer tissue is known to Anomala albopilosa albopilosa (Hope, 1839) , in which sexual pheromone is produced in epithelial cells of the pygidium and last two ventrites, and these cells are linked with surface through puncture (Tada & Leal, 1997) . If the terminalia cells of other Anomala are considered as pheromone producer, as in A. albopilosa albopilosa, this could elucidate why attracted males touch female pygidium and abdomen with its antenna in matting process (Figure 3 ).
